Background The effect of lifestyle changes in cohorts of free-living populations has been surprisingly little evaluated. Design A longitudinal study. Methods In the French Data from an Epidemiological Study on the Insulin Resistance (D.E.S.I.R) study of 1958 men and 2028 women, aged 30-65 years, the impact of 3-year changes in lifestyle habits (sporting activity, physical activity at home and at work, alcohol drinking, smoking) on metabolic syndrome parameters [insulin, glucose, high-density lipoprotein (HDL) cholesterol, triglycerides, systolic blood pressure, waist circumference] and on body mass index (BMI) were investigated. Results In men, 3-year increases in sporting activity were associated with a lowering of insulin, glucose, systolic blood pressure and waist circumference (all P < 0.05). For women, the only effect was on lowering waist circumference (P < 0.03). Increases in physical activity at home were beneficially associated with HDL-cholesterol, triglycerides, waist circumference and BMI changes (all P < 0.05) in men, but had no apparent effect in women. Decreases in alcohol intake only had an effect in men, with decreases in HDL-cholesterol and systolic blood pressure (P < 0.05), whereas decreasing cigarette smoking in men was associated with significant increases in insulin, glucose, triglycerides, waist and BMI (P < 0.001), and in women HDL-cholesterol, waist circumference and BMI increased (P < 0.02). These results were mainly caused by those who had stopped smoking. Conclusions Increases in physical activity over the 3-year period were associated with beneficial effects on syndrome parameters, particularly in men. Smoking cessation and alcohol moderation produced mixed effects on these parameters. Eur J Cardiovasc Prev Rehabil 13:334-340
Introduction
Lifestyle habits play an important role in the incidence of diabetes and cardiovascular disease and in risk factors for these diseases, including factors in the metabolic syndrome. The European Guidelines on Cardiovascular Disease Prevention [1] and the American Diabetes Association [2] have official statements on the benefits of exercise and physical activity. Successful weight loss involves a number of intervention targets, and increasing the level of physical activity is a key element [3] . Many cross-sectional studies have examined the relationships of exercise, alcohol drinking, and smoking with cardiovascular and diabetes risk factors [4] [5] [6] and of their long-term effects on the incidence of cardiovascular mortality and diabetes [7] [8] [9] [10] [11] [12] .
Interventions used in randomized controlled trials have been able to delay the incidence of diabetes [13, 14] by programmes of lifestyle change, centred on increasing physical activity and dietary counselling. The populations in these trials were selected because they were at high risk of diabetes and the great majority had impaired glucose tolerance.
The metabolic syndrome is considered to provide a 'common soil' for diabetes and cardiovascular disease [15] , and as such the determinants of this syndrome require further study.
We examined, in a free-living population, associations between 3-year changes in modifiable lifestyle habits: physical activity, alcohol drinking and smoking; and metabolic syndrome parameters: fasting insulin, glucose, high-density lipoprotein (HDL) cholesterol, triglyceride concentrations, systolic blood pressure and waist circumference, as well as on body mass index (BMI). We have chosen not to look at the syndrome as a whole [16] , because lifestyle habits can have differing effects on the individual syndrome parameters.
Methods

Participants
The analysis included 1958 men and 2028 women, aged 30-65 years, insured by the French Social Security and participants in the Data from an Epidemiological Study on the Insulin Resistance (D.E.S.I.R) syndrome cohort. The study was approved by an ethics committee, and participants signed a statement of informed consent. Participants analysed had complete data on lifestyle factors and metabolic syndrome parameters at inclusion and at 3 years of follow-up.
Measures
Participants recorded at inclusion and at the 3-year follow-up their age, education level, any hypoglycemic, hypolipidemic or antihypertensive drugs, and: (i) physical activity: usual sporting activity [never (score = 1), or per week: less than once (2), once to twice (3), more than two times (4)]; daily physical activity at work and at home [light (score = 1), moderate (2), sustained (3), intensive (4)]; (ii) intake of wine, beer or cider (none, or per day: < 0.5, 0.5-1, 1-2, 2-3, > 3 litres), intake of spirits (number of glasses/week); and (iii) number of cigarettes smoked per day.
To estimate the grams of pure alcohol consumed per day, we equated 125 ml of wine or 250 ml of beer or cider with 10 g, and one glass of spirits (2 ml) with 7 g of pure alcohol.
At inclusion and at 3 years after inclusion we measured systolic blood pressure (mean of two measures after 5 min at rest in a supine position), waist circumference (smallest circumference), BMI, serum insulin (centrally measured, specific enzyme immunoassay with an IMX; Abbott, Rungis, France), plasma glucose (glucose-oxidaseperoxydase method using a Technicon RA 1000; Bayer, Puteaux, France; or a Specific, Delta or a LAB 20; Konelab, Evry, France), HDL-cholesterol and triglycerides (phosphotungstic precipitation methods and the enzymatic Trinder method, respectively, with a Technicon DAX24 or with a Specific, Delta or a LAB 20). Analyses were performed in one of four laboratories: Institut inter Régional pour la Santé at La Riche and Health Examination Centre laboratories at Blois, Orléans and Chartres, which maintained an inter-laboratory quality control programme.
Statistical analysis
SAS version 8 (SAS Institute Inc., Cary, North Carolina, USA) was used: P < 0.05 is described as statistically significant, P values between 0.05 and 0.1 as trends. Men and women were analysed separately because of their different drinking and smoking patterns. Insulin and triglyceride concentrations were log-transformed. Descriptive statistics are reported as means (standard deviations) or percentages.
For analyses of insulin and glucose, only individuals not treated by antidiabetic drugs either at baseline or at 3 years were studied (1917 men, 2006 women); for HDL-cholesterol and triglycerides, only those not treated by lipid-lowering drugs (1665 men, 1795 women); for systolic blood pressure, only the 1670 men and 1700 women not treated by antihypertensive drugs.
We studied relationships between the syndrome parameters at 3 years and the 3-year averages and the 3-year changes in: (i) classes of physical activity (sport, at home, at work); average activity: low (average score 1 or 1.5), moderate (2 to 3) or intense (3.5 or 4); and change in activity: large decrease (difference in score -3 or -2), decrease ( -1), stable (0), increase (1) or large increase (2 or 3); (ii) quantity of alcohol consumed, g/day; (iii) number of cigarettes smoked, cigarettes/day; and (iv) weight, kg; using analysis of covariance, adjusting for the baseline value of the parameter concerned [17] , age and educational level. In the models with alcohol or smoking, binary variables adjusted for non-drinkers or for non-smokers: these individuals may have differing habits to occasional drinkers or smokers. Trend tests were used across physical activity classes and linearity was checked by likelihood ratio tests. We also tested the effects of 3-year BMI changes. Syndrome parameters at 3 years were predicted from the average and the change of all lifestyle factors in a multivariate model.
Results
Baseline characteristics
The mean age was 47 years, and 18% of men and 14% of women had attended university ( Table 1 ). The median daily alcohol intake was 21 g for men and 1 g for women with, respectively, 12 and 37% non-drinkers at inclusion; 10% of men drank more than 62 g/day and 10% of women more than 22 g/day. More men than women smoked, 25 versus 14%, and men were heavier smokers: 11 and 5%, respectively, smoked more than 15 cigarettes a day. Approximately one in two (47% in men, 52% in women) did not play any sport, but 84% of men and 93% of women had at least a moderate physical activity at home. Mean BMI was 25.4 kg/m 2 in men and 24.0 kg/m 2 in women.
Change in lifestyle and weight over 3 years
More than 60% of men and women maintained their initial level of sporting activity and equal numbers increased and decreased ( Fig. 1 ). Close to 65% of participants maintained their level of physical activity at home, and slightly more individuals decreased than increased this activity. The percentages were similar for physical activity at work.
Among the 3305 alcohol drinkers (at inclusion or at 3 years), 25% of men and 13% of women decreased their consumption by a least 2 g/day, 25 and 19% increased, and 50 and 68%, respectively, had a stable intake ( Fig. 1 ).
For the 860 individuals who smoked (at baseline or at follow-up), 37% of men and 27% of women reduced their cigarette consumption by at least two cigarettes a day, whereas 25 and 27% increased by more than two cigarettes over the 3-year follow-up.
Over the 3 years, 7% of men and 10% of women lost more than 5% of their baseline weight, whereas 16% of men and 25% of women gained more than 5% of their initial weight. This resulted in a change in mean weight of 0.9 kg for the men and 1.1 kg for the women.
Metabolic syndrome parameters and sporting activity
The 3-year average sporting activity was significantly associated with beneficial effects on syndrome parameters in men, after adjusting on the 3-year change, with the exception of glucose concentrations and systolic blood pressure (Table 2 ). In women, significant relationships were seen with insulin, glucose and triglyceride concentrations, with a trend for a decrease in systolic blood pressure and BMI. For example, the BMI was 0.31 and 0.21 kg/m 2 lower in the most in comparison with the least sportive groups of men and women, respectively, and the triglyceride concentrations were 14 and 4% lower. The results remained unchanged after adjusting for the 3-year change in BMI, except for the association between triglycerides and average activity in women, which became a trend (P < 0.1).
After adjusting for the 3-year average sporting activity, a 3-year increase in sporting activity had a beneficial and significant effect on insulin, glucose, systolic blood pressure and waist circumference in men, with a trend for a decrease in BMI. In women, only waist circumference was significantly reduced. Men with a large increase in sporting activity decreased their waist circumference on average by 1.82 cm and women by 0.96 cm. The lowering of insulin, glucose and systolic blood pressure in men and waist circumference in both men and women were not just caused by a decrease in weight as they were independent of changes in BMI.
Metabolic syndrome parameters and physical activity at home
Higher average levels of activity at home, adjusted for change in this activity, were related to higher HDLcholesterol in men, with trends for a larger waist and higher systolic blood pressure and in women with lower insulin and triglyceride concentrations ( Table 3 ).
In men, a 3-year change in this activity was associated positively with HDL-cholesterol and negatively with triglycerides, waist circumference and BMI, after adjusting for mean activity. HDL-cholesterol and triglycerides were still associated with the change in physical activity after adjusting for the 3-year change in BMI, but waist circumference was no longer significant. In contrast, there were no significant effects in women with changes in physical activity. 
Metabolic syndrome parameters and physical activity at work
This activity was not related to the parameters studied, neither in men nor in women, and neither to the mean nor to the change in this activity (data not shown).
Metabolic syndrome parameters and alcohol
In women, glucose was 0.06 mmol/l higher (P < 0.02) in those who drank alcohol in comparison with non-drinkers, whereas there were no relationships with metabolic syndrome parameters in men (Table 4 ).
Adjusted for change in alcohol consumption, and drinker status, the average alcohol intake was related positively and significantly to glucose, HDL-cholesterol, systolic blood pressure, waist circumference and BMI in men. In women, there were no relationships, and no parameter showed even a trend towards significance.
Three-year decreases in daily alcohol intake were associated, in men, with lower HDL-cholesterol and systolic blood pressure, after adjusting for average consumption and drinker status. For a 10 g decrease in pure alcohol intake, or one glass of wine, HDLcholesterol decreased by 0.01 mmol/l on average and systolic blood pressure by 0.29 mmHg. All these relationships remained after adjusting for the change in BMI, except for average alcohol consumption and systolic blood pressure in men, which became a trend. In women, a 3-year change in alcohol intake had no significant effect on the parameters studied.
Metabolic syndrome parameters and cigarette smoking
Male smokers had on average a 0.20 kg/m 2 higher BMI than non-smokers (P < 0.04), a higher glucose concentration (0.09 mmol/l, P < 0.03), and a trend towards having a larger waist (Table 4 ). In contrast, women smokers tended to have a 0.27 kg/m 2 lower BMI.
There was no significant relationship in men between the average number of cigarettes smoked and the parameters studied, after adjusting for change in tobacco consumption and smoking status. In women, the fewer cigarettes smoked on average, the lower the glucose and the BMI.
A 10 cigarettes per day decrease over the 3-year period was associated in men with a significant increase in insulin (7%), glucose (0.11 mmol/l), triglycerides (8%), waist (0.97 cm) and BMI (0.31 kg/m 2 ), adjusted on average tobacco intake and smoker/non-smoker status, and these relationships remained significant for insulin, glucose and triglycerides after adjusting for the 3-year change in BMI, with a trend for the waist circumference. These associations were mainly caused by the 81 men who had decreased their cigarette intake by more than 10 cigarettes a day, including 51 men who had stopped smoking. For women, a 10 cigarettes per day decrease in smoking over the 3-year period corresponded to a 3-year increase in HDL-cholesterol (0.06 mmol/l), waist circumference (1.1 cm) and BMI (0.59 kg/m 2 ), but only the relationship with HDL-cholesterol remained after adjusting for the 3-year change in BMI. 
Metabolic parameters and all lifestyle habits
Each metabolic syndrome parameter was predicted from the 3-year average and the 3-year change in all above lifestyle factors (except physical activity at work), adjusting for age, education, drinking and smoking status. The significance of the above results was generally not altered, indicating the independence of the effects of these lifestyle habits (P > 0.05 in only two of 140 tests). In addition, after accounting for the 3-year change in BMI none of the previously described significant results were altered.
Metabolic parameters and weight
As might be expected, mean weight and weight change had highly statistically significant associations with all syndrome parameters (P < 0.0001; Table 4 ).
Discussion
This is one of the few studies that investigates the effect of changes in lifestyle habits in a free-living general population, over a moderately long period of time, 3 years. In men, all syndrome parameters were improved by either an increase in sport or physical activity in the home or both. For women, only the waist circumference decreased in those who increased their sporting activity. A 3-year decrease in alcohol consumption was associated with a decrease in both the HDL-cholesterol and the systolic blood pressure in men, but had no effect in women. A decrease in cigarette smoking had a detrimental effect on men for insulin, glucose, triglycerides, waist circum-ference and BMI, and these results were independent of the 3-year change in BMI. In women, those who decreased their smoking increased their HDL-cholesterol, waist and BMI. An increase in smoking appeared to be beneficial and quitting detrimental over this 3-year period; over a longer period, these effects may be reversed: ex-smokers and never-smokers might be similar. Quitting is beneficial for longevity [10] .
This study is limited by self-reported lifestyle habits, and thus there will be some imprecision in the responses according to how the questions were interpreted, to an individual's recall of his usual habits, perhaps with an underestimation for both alcohol and cigarette intake and an overestimation of physical activity. Furthermore, for physical activity there was only one question for each of the aspects, physical activity in the home, at work and sporting activity. There was no question about commuting to work or shopping. For sporting activity, the duration and intensity were not evaluated. These should serve to reduce, not to enhance, the significant relationships that are able to be shown. There were more results evident in the men than in the women, whereas the changes in the lifestyle habits were similar in the two sexes.
The only longitudinal study that we have identified analysed the 20-year changes in leisure-time physical activity in men initially aged 50 years [18] . Beneficial effects were seen on glucose, HDL-cholesterol, triglycerides and weight, and the effects were maintained after adjusting on change in weight. This is similar to our study as it was a non-interventional, observational study.
Intervention studies have shown the benefits of increasing physical activity. In the Finnish Diabetes Prevention Study [13, 19] , over 1 year, the intervention group, in comparison with the control group, decreased significantly their weight, waist circumference, fasting and 2-h glucose, triglycerides, and both systolic and diastolic blood pressure, but not fasting insulin, along with a significantly increased moderate-to-vigorous activity. The body weight of 43% of the individuals in the intervention group and 13% in the control group was decreased to the target level of more than 5%, in comparison with 7% of men and 10% of women in this French study. However, at baseline the mean BMI was 31 kg/m 2 in the Finnish study in comparison with under 25 kg/m 2 in our study.
Lifestyle factors cluster, and individuals with a healthy lifestyle are often physically active, with a healthy diet and they do not smoke. In our study, an increase in sporting activity or physical activity at home had a beneficial effect on the syndrome parameters, whereas decreasing alcohol intake only had a beneficial effect on systolic blood pressure and only in men, and decreasing cigarette smoking had deleterious effects on these parameters, mainly as a result of those who stopped smoking. It is appropriate that physical activity is being targeted not only in intervention studies, but in the general counseling advice given for public education.
